Introduction
The association between regular fish consumption and decreased risk of several conditions such as cardiovascular morbidity (Hu et al, 2002) and mortality (Kromhout et al, 1985; Daviglus et al, 1997; Mozaffarian et al, 2003) , stroke (He et al, 2002) , cancer (Terry et al, 2003) and even noncardiovascular mortality (Gillum et al, 2000) has given rise to considerable interest despite controversial results. Recently, four independent longitudinal studies have shown a significant relationship between regular fish consumption (at least weekly) and decreased risk of incident dementia (Kalmijn et al, 1997; Barberger-Gateau et al, 2002; Morris et al, 2003) or cognitive decline (Kalmijn et al, 2004) . These results might be attributed to the long-chain omega-3 polyunsaturated fatty acids (n-3 PUFA) contained in fish oils, in particular docosahexaenoic acid (DHA), which is also a major component of the brain (Heude et al, 2003) . N-3 PUFA could have a preventive effect against dementia through their antithrombotic and antiinflammatory properties (Din et al, 2004 ) in addition to their specific effect on neural functions (Yoshida et al, 1998) . Given the high prevalence and lack of curative treatment of dementia, these results could open the door to preventive strategies aiming at postponing the onset of dementia. Moreover, nutritional interventions might at the same time decrease the risk of other conditions such as cancer or cardiovascular disease.
However, contradictory results have emerged from the Rotterdam study, which failed to show an association between overall intake of n-3 PUFA and the risk of dementia (Engelhart et al, 2002a) , whereas a negative association between fish consumption and dementia had previously been found in the same sample (Kalmijn et al, 1997) . Besides eliminating measurement bias, it is therefore necessary to examine whether the positive association between fish consumption and decreased risk of dementia could be explained by residual confounding before the implementation of randomized clinical trials of fish oils in the prevention of cognitive decline in older persons. To our knowledge, there is only one published trial, whose main outcome measure was improvement in quality of life and not objective cognitive performance (Yehuda et al, 1996) .
Several groups of factors have been found to be associated with risk of dementia. Among sociodemographic factors, higher age, female gender, and a low educational level have been identified as risk factors of dementia and in particular of Alzheimer's disease (Launer et al, 1999) . These factors are also strongly correlated with dietary patterns (Fraser et al, 2000) .
Regular fish consumption could also be a marker of a globally healthy and varied diet. Other components of diet have been suspected to have a protective effect against dementia such as antioxidants (vitamins E or C, Engelhart et al, 2002b; Morris et al, 2002; Zandi et al, 2004) or flavonoïds (Commenges et al, 2000) , which could protect PUFA contained in fish from oxidization. These nutriments mainly found in fruit, vegetables and vegetable oils might also be eaten more frequently by regular fish consumers (Hu et al, 2000) . Wine is another potential source of antioxidants, due to its high content in polyphenols. Moderate wine consumption has been found to be associated with a decreased risk of dementia (Lemeshow et al, 1998) . Low levels of selenium, which acts as an antioxidant, have also been associated with higher risk of cognitive decline (Berr et al, 2000) .
Finally, fish consumers may have adopted a particular diet because of health problems. Some of them may have been advised to eat more fish and less meat after a cardiovascular event, a marker of atherosclerosis that is associated with an increased risk of dementia . Mental health may also influence dietary patterns: depressed or slightly cognitively impaired older persons, who are at high risk of dementia (DeCarli, 2003; Fuhrer et al, 2003) , may have changed their food habits.
The aim of this study was to examine the correlates of regular fish consumption in elderly community dwellers: sociodemographic characteristics, dietary habits, physical and mental health, in order to identify potential confounders in the relationship between fish consumption and dementia.
Materials and methods
The data are from the Three-City Study (3C), a French epidemiological study on the vascular risk factors of dementia whose methods and baseline characteristics are described in detail elsewhere (Three-City Study Group, 2003) . The study protocol was approved by the Ethical Committee of the University Hospital of Kremlin-Bicêtre (Paris). A sample of 9294 community dwellers aged 65 y and above, registered on the electoral rolls and living in the cities of Bordeaux (N ¼ 2104), Dijon (N ¼ 4931) and Montpellier (N ¼ 2259), agreed to participate and signed an informed consent form. At the baseline interview conducted in 1999-2000 the participants answered a face-to-face interview and underwent a physical examination. A brief food frequency questionnaire assessed their dietary habits for broad categories of ailments: meat and poultry, fish (including seafood), eggs, milk and dairy products, cereals (including bread and starches), raw fruit, raw vegetables, cooked fruit or vegetables, and pulses. Frequency of consumption of each food was recorded in six classes: never, less than once a week, once a week, 2-3 times a week, 4-6 times a week, and daily. Consumption of alcoholic beverages was recorded including wine, beer and other alcoholic beverages. Participants were classified as never drinkers, former drinkers, or present drinkers.
Sociodemographic information recorded at baseline and used in the present study included age, gender, marital status, educational level (in four classes, Table 1 ), past occupation, income (in four predetermined classes expressed in euros (h), Table 1 ), and living arrangements (alone, with spouse or concubine, or with other persons). Self-reported medical conditions included angina, past myocardial infarction, past stroke. Hypertension was defined by a measured systolic blood pressure above 159 mmHg or diastolic blood pressure above 94 mmHg or antihypertensive treatment. Weight and height were measured (in Bordeaux and Dijon) or self-reported (in Montpellier). Body mass index (BMI) was computed as the weight/height 2 ratio. Perceived health status ('subjective health') was self-assessed on a five-grade scale ranging from very good to very poor. Complaints of cognitive symptoms (forgetfulness, troubles with language, memory, calculation, orientation to place) were systematically retrieved. Objective cognitive performance was assessed on the Mini-Mental Status Examination (MMSE) (Folstein et al, 1975) . A high level of depressive symptomatology was defined as a score on the Center for Epidemiologic Studies-Depression scale (CES-D) (Radloff, 1977) above 16 for men and above 22 for women according to a previous validation study for the French elderly population (Fuhrer & Rouillon, 1989) . Descriptive statistics of each variable were performed. Bivariate associations of fish consumption with other dietary variables and with the characteristics of the consumer were tested by w 2 -tests for class variables or by ANOVA for continuous variables. Then the association of each sociodemographic variable with fish consumption was tested by logistic regression with regular fish consumption (defined as consumption of fish at least once a week) as dependent variable, adjusted for age, gender, city, and education. The association between being a regular fish consumer and the frequency of consumption of each other group of food was assessed by logistic regressions, adjusted for age, gender, city, and education. For each food the strength of the association with regular fish consumption (dependent variable) was assessed for each class of consumption frequency, the never consumers being the reference category. The association between fish consumption and health variables was also tested by logistic regressions but in these models the dependent variable was health status and the explanatory variables were the frequency of fish consumption (in three classes) adjusted for potential confounders (age, gender, city, and education). The strength of the associations was assessed by computing odds ratios (OR) and their 95% confidence interval. Statistical analyses were performed with SAS Statistical package release 8.2 (SAS Institute Inc., Cary, NC, USA).
Results
The 9294 participants included 3650 men (39.3%) and 5644 women (60.7%). Among them, 9280 answered the question about their frequency of fish consumption: 1.5% never ate fish, 10.2% ate fish less than once a week, 38.4% once a week, 44.1% 2-3 times a week, 5.2% 4-6 times a week, and 0.6% daily. The proportion of participants consuming fish at least once a week was 89.4% in Bordeaux, 88.3% in Montpellier, and 87.9% in Dijon (Po0.0001).
Sociodemographic variables
The sociodemographic characteristics of the participants are given in Table 1 , function of their frequency of fish consumption in three classes (less than once a week, once a week, and more than once a week). Weekly consumers were more often men, whereas infrequent consumers as well as very frequent consumers were more often women. Mean age slightly decreased with increasing frequency of fish consumption. There was a strong association between fish consumption and education, the frequency of consumption increasing with increasing educational level. There was also a strong positive association between frequency of fish consumption and income. Regarding marital status, there was little difference between weekly and more frequent fish consumers, but infrequent consumers were more often divorced, widowed, or single.
Given the significant associations of fish consumption with age, sex, education, and city, which could also be associated with other characteristics of the participants such as dietary habits and health status, all the subsequent analyses were adjusted for these factors.
In these multivariate models (Table 2 ) the strong association between income and the dependent variable 'being a regular fish consumer' (at least weekly) remained significant. The strength of the association increased with increasing income. Regarding marital status, being married remained significantly associated with regular fish consumption. Accordingly, living with a spouse or concubine was Correlates of fish consumption P Barberger-Gateau et al associated with frequent fish consumption whereas there was no difference between those living alone and those with other living arrangements (with other family members or relatives). When all these sociodemographic variables were introduced simultaneously in a single multivariate model adjusted for age, sex, education, and city, the associations of living arrangements and marital status with frequent fish consumption became non significant, whereas the strong association with education (OR ranging from 1.19 to 1.65, global P ¼ 0.0003) and income (OR ranging from 1.37 to 1.89, global Po0.0001) remained significant for all categories. In this final model living in Bordeaux remained associated with a more frequent fish consumption comparatively to Dijon (OR ¼ 1.30, 95% confidence interval: 1.09,1.56, P ¼ 0.003) but there was no significant difference between Montpellier and Dijon (OR ¼ 0.96, 95% confidence interval: 0.82,1.13, P ¼ 0.64).
Dietary patterns
The association of regular fish consumption (at least weekly) with other foods is displayed in Table 3 . Regarding food that could be considered as 'substitutes' due to their protein content (meat and eggs), no substitution effect (ie a less frequent consumption of meat or eggs by regular fish consumers) was observed. On the contrary, there was a significant positive trend between increasing meat consumption and regular fish consumption, except for daily meat consumers. There was also a positive association with egg consumption but the strength of the association was weaker and did not vary substantially with the frequency of egg consumption. The association of regular fish consumption with other foods that could rather be viewed as 'complements' is also displayed in Table 3 . In these multivariate models, there was no association between regular fish consumption (at least weekly) and consumption of dairy products and cereals. On the contrary, there was a strong positive association between regular fish consumption and the frequency of consumption of pulses, fruit and vegetables, either raw or cooked. The OR increased with the frequency of consumption of most food groups, indicating that regular fish consumers tended to be also frequent consumers of these categories of food. The strength of the association was particularly important for Correlates of fish consumption P Barberger-Gateau et al cooked fruit and vegetables, and showed an almost linear trend.
The proportion of present alcohol drinkers increased from 71.6% in participants who consumed fish less than once a week to 80.9 and 80.1%, respectively, in those consuming fish weekly or more often. Conversely, the proportion of abstainers fell from 24.4% to, respectively, 16.2 and 17.5%. In multivariate models adjusted for age, sex, education, and city, present alcohol drinkers were more often regular fish consumers (OR ¼ 1.51, 95% confidence interval: 1.29,1.77, Po0.0001) than the abstainers who did not differ from past drinkers (OR ¼ 0.88, 95% confidence interval: 0.62, 1.26, P ¼ 0.49).
Health status
The description of health status of the participants function of their fish consumption is given in Table 4 . Infrequent fish consumers tended to rate themselves in poorer health, to score higher on the CES-D and lower on the MMSE, and to complain more often from cognitive symptoms. In multivariate models adjusted for age, sex, education, and city (Table 5) , there was a significant association between a better self-perceived health status (reported as good or very good) and the frequency of fish consumption. The risk of scoring above the threshold of high level of depressive symptoms on the CES-D was significantly decreased by about one-third in subjects consuming fish at least once a week. However, frequent fish consumers suffered slightly more often from hypertension and they had more often had a stroke in the past. Regarding past myocardial infarction, there was a marginally significant (P ¼ 0.07) positive association with more than once a week fish consumption. There was no significant association with angina. More than weekly fish consumers were significantly less often obese (BMI greater or equal to 30 kg/m 2 ). There was also a negative association Correlates of fish consumption P Barberger-Gateau et al between the frequency of fish consumption and the risk of scoring below 24 on the MMSE. However, this association was significant (OR ¼ 0.76, P ¼ 0.03) only for those consuming fish more than once a week, whereas the association was weaker (OR ¼ 0.83) and not significant (P ¼ 0.14) for those eating fish only once a week, indicating a dose dependency. In contrast, there was no significant association between cognitive complaints and the frequency of fish consumption, except for the calculation that was less often reported as impaired in frequent fish consumers.
Discussion
This study showed that regular fish consumers tended to be more educated and to have a higher income. Controlling for age, sex, education, and city, they had a healthier diet including a higher consumption of fruit and vegetables. They felt in better health, exhibited less depressive symptoms, and had better cognitive performances. Paradoxically, their objective physical health status was not better, except that they were leaner, and they suffered even more often from hypertension and past stroke. All these factors have previously been found to be associated with risk of dementia, either in a protective or a deleterious way. Thus they could act as confounders in the relationship between fish consumption and dementia. Although these results were obtained in French elderly community dwellers and do not necessarily extrapolate to other populations, the potential confounding effect of these characteristics should be systematically considered when studying nutritional risk factors of dementia. Some of these characteristics may explain a more frequent fish consumption (ie a higher income), while others may rather be viewed as a consequence (ie better cognitive performances). However, the direction of the association cannot be inferred from our cross-sectional analyses.
Few studies have tried to characterize fish consumers in Western countries (Burger et al, 2002; Welch et al, 2002; Davey et al, 2003) and very few were based on representative samples of elderly community dwellers (Haveman-Nies et al, 2001 ). Fish consumption is generally considered among other dietary patterns (van Dam et al, 2003) .
A strong association between fish consumption and socioeconomic status assessed by education and occupation was also found in Swiss adults (Galobardes et al, 2001) . Fisheaters included in the Oxford cohort of the European Prospective Investigation into Cancer and Nutrition (EPIC) defined as 'those who do not eat meat but do eat fish' had a higher educational level than 'meat eaters' . Education, occupation, and income are tightly linked. Low income limits the possibility to buy expensive foods such as fish. Low socioeconomic groups tend to buy foods that are much cheaper per unit of energy than foods rich in protective nutrients (James et al, 1997) . Dietary energy derived from very-long-chain n-3 PUFA, whose main source is fish, was found to be higher among white vs blue collar workers (Johansson et al, 1998) .
Older fish consumers were more often married and living with a spouse or concubine. In the PAQUID study, nevermarried older persons had a significantly increased risk of Alzheimer's disease, independent of education, wine consumption, and leisure activities (Helmer et al, 1999) . This relationship might be partly explained by poorer food habits.
We also found an association between fish intake and other dietary patterns including a higher intake of fruit and vegetables and wine consumption, independent of education. A high consumption of both fish and grain was characteristic for Southern centres participating to the European SENECA (Survey in Europe on Nutrition and the Elderly: a Concerted Action) study (Haveman-Nies et al, 2001 ). This dietary pattern was also associated with use of wine and high consumption of fruit but not vegetables. A positive association between wine and fish consumption was also found in Danish adults (Tjonneland et al, 1999) , whereas an Italian study conducted in hospitalized adults failed to find such an association (Chatenoud et al, 2000) . In other Danish patients with cardiovascular disease there was a strong association between wine and fish consumption (Christensen et al, 2001) . A fish score and the content of n-3 PUFA in adipose tissue (but not wine intake) were independently associated with heart rate variability in these subjects. A similar association between wine and fish consumption might explain the apparently decreased risk of dementia observed in moderate wine drinkers (Lemeshow et al, 1998; Ruitenberg et al, 2002) . Thus, analyses of the association between wine intake and dementia should control for fish intake. Moreover, simultaneous consumption of dietary antioxidants included in fruit, vegetables, and wine could increase the protective effect of fish, by protecting the PUFA from oxidization. This interaction should also be tested in the studies of the relationship between PUFA intake and risk of dementia.
Regarding health status, our results confirm the association between fish consumption and better cognitive performances or lower risk of dementia found in other studies (Grant, 2000; Kalmijn, 2000; Barberger-Gateau et al, 2002; Morris et al, 2003; Kalmijn et al, 2004) . A Spanish study also showed that elderly people with preserved cognitive functions generally had a better diet, including a greater intake of fish (Requejo et al, 2003) . Since there seems to be a doseresponse relationship, more research is needed to determine the optimal frequency of fish consumption associated with a lower risk of dementia and other health outcomes.
The positive association between fish consumption and hypertension or past stroke found in our study was unexpected. In EPIC-Oxford the prevalence of self-reported hypertension was lower among fish eaters than among meat eaters (Appleby et al, 2002) . However, the difference was partly explained by a lower BMI of fish eaters . Conversely, in the Spanish EPIC cohort, adults with self-reported high blood pressure had a healthier diet, including a slightly higher intake of fish in men (Tormo et al, 2000) . The authors concluded that awareness of having high blood pressure was associated with changes in usual diet, which may explain our own results and also the marginally significant association of fish consumption with past myocardial infarction. Hypertension is a major risk factor of stroke and vascular dementia. The relationship between fish consumption and stroke is controversial (He et al, 2004) . Fish could be expected to be protective against ischaemic stroke as found by several studies (He et al, 2004) , but conversely a high fish consumption could increase the risk of intracerebral haemorrhage because of its antithrombotic effect. However, other studies have found that a high consumption of fish was associated with an increased risk of cerebral infarction after adjustment for hypertension (Caicoya, 2002) or conversely with a decreased risk of intracerebral haemorrhage (Sauvaget et al, 2003a) . These controversial results suggest a lack of control for confounding, in particular for intake of fruit and vegetables, which were also associated with a decreased risk of all stroke types in the latter study (Sauvaget et al, 2003b) . On the other hand, a very low consumption of saturated fat, whose intake correlated positively with that of n-3 PUFA, was independently associated with increased risk of intracerebral haemorrhage (Iso et al, 2003) . Thus overall fat intake must be considered when analyzing the relationship between fish consumption, stroke, and vascular dementia. Another explanation might be that individuals who take much fish tend to eat more of other foods too and thus have a higher intake of total energy and salt, which could explain their higher risk of hypertension and stroke.
Few studies have examined the association between fish consumption and depression. In a large population-based sample of Finnish adults, the likelihood of having depressive symptoms was significantly higher among infrequent fish consumers than among frequent consumers, after adjustment for potential confounders (Tanskanen et al, 2001 ). An ecological study showed an inverse correlation between the annual amount of apparent fish consumption and the prevalence of symptoms of depression (Hibbeln, 1998) . The 'protective' effect of fish against depression has biological plausibility, due to its high content in n-3 PUFA, as shown by a preliminary randomized controlled trial (Su et al, 2003) . In the Rotterdam Study, subjects with depressive disorders had a lower percentage of plasma omega-3 PUFA, which was not explained by atherosclerosis (Tiemeier et al, 2003) . A poor perceived health status is also strongly linked with depression (Beekman et al, 2002) , which may partly explain our association between regular fish consumption and a better subjective health.
The two major pitfalls of nutritional epidemiology are measurement error and lack of control for confounding (Fraser, 2003) . Many studies have focused on the relationships between fish intake and various health outcomes but many of them did not adjust for the other dietary and nondietary characteristics of fish consumers identified here, which may explain some contradictory results. The four epidemiological studies showing an inverse relationship between fish consumption and risk of dementia or cognitive decline controlled for age, sex, and education (Kalmijn et al, 1997 (Kalmijn et al, , 2004 Barberger-Gateau et al, 2002; Morris et al, 2003) . There was no additional adjustment in the French study (Barberger-Gateau et al, 2002) , although the authors indicated in a rapid response on bmj.com that additional adjustment for past wine consumption did not modify the relationship over a 7-year follow-up. In the first paper from the Rotterdam Study (Kalmijn et al, 1997) , the associations with risk of dementia or AD without cerebrovascular disease were unchanged after additional adjustment for alcohol consumption, antioxidant intake, indicators of atherosclerosis, stroke or myocardial infarction but the mean follow-up was only 2.1 y thus future demented participants may have changed their diet because of subclinical cognitive impairment. Another analysis of the same data with a longer follow-up (mean 6.0 y) failed to find any significant association between intake of various energy-adjusted fatty acids and risk of total dementia in models adjusted for age, sex, education, total energy intake, and intake of vitamin E (Engelhart et al, 2002a) . Conversely, a higher intake of total fat, saturated fat, and cholesterol was associated with a lower risk of AD, but there was no association with n-3 PUFA. These relationships did not change when additional adjustments were made for lifestyle-associated factors (including intake of alcohol, fruit and vegetables, and BMI). The study conducted in Chicago (mean follow-up 3.9 y) provided models with additional adjustment for histories of stroke, heart disease, and hypertension, which did not modify the association between fish consumption and a decreased risk of AD (Morris et al, 2003) . Moreover, the same study showed a significant linear association between energy-adjusted intake of DHA, a major component of fish oils, and a decreased risk of Alzheimer's disease, in models adjusted for age, sex, education, and apoE4. The relative risks did not change when controlling for intake of dietary vitamin E, other types of fat, or cardiovascular diseases, including stroke and hypertension. The most recent study is only cross-sectional, but the authors showed that changes in diet were not related to cognitive impairment (Kalmijn et al, 2004) . The positive association between cognitive performance and intake of marine fatty acids (eisosapentaenoic acid (EPA) and DHA) was not modified by adjustment for alcohol consumption, smoking, total energy intake, vitamin E, cardiovascular risk factors (including systolic blood pressure and stroke), or a history of cardiovascular disease.
None of the studies cited above adjusted for depressive symptomatology, whereas a depressed mood has been suspected to be a predictor of dementia in older men, maybe because of vascular depression associated with cerebrovascular pathology that may amplify the dementing process (Fuhrer et al, 2003) . Depressed subjects may also adopt a less varied diet.
In conclusion, we showed that socioeconomic status, intake of fruit, vegetables and alcohol, hypertension, past stroke, and depressive symptomatology were potential confounders in the relationship between fish consumption and cognitive decline or dementia. Conversely, fish consumption could explain the apparent protective effect of socioeconomic status, in particular education and marital status, or of other dietary habits, such as alcohol consumption, against dementia. Fish consumption could also be a confounder in studies relating vascular factors to dementia. Longitudinal studies considering the effect of all these factors simultaneously are necessary. The interaction between fish consumption and other components of food such as anti-oxidants, which may enhance its protective effect, should also be considered. Potential risks associated with fish consumption must also be taken into account, since they may counterbalance the expected benefits (Hites et al, 2004) . Randomized clinical trials are the only means to definitely rule out confounding from the true effect of fish components such as n-3 PUFA on dementia and to determine the optimal intake. To our knowledge, a single trial has been published, which examined the effect of a preparation of PUFA and vitamin E on the quality of life of Alzheimer patients reported by their caregivers (Yehuda et al, 1996) . Given the limitations of that study, more evidence based on cohort studies and controlled trials is needed before the implementation of nutritional recommendations for the prevention of dementia.
